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Ulldcrstalldillg  now astro~)llysical  jets arc for]llcd  is illll)ortallt  for lllldcrstall(l-

illg tile ~laturc  al]d cvolutioli of SUCII  r)llcllolllclla as active g a l a c t i c  ]luclci (AGN)

allcl quasars,  Galactic  sul)cwlulnilml  X-ray sollrccs, slid young s t e l l a r  ol)jccts.  O f

tl~c: mal~y  moclds  ]Jroposcd for jet I)rodllctiolk, tllc Inagllctizd accrct.  ion  disk I11OCIC1

o f  Illalldforcl  allcl Payncl is tllc o]lly ollc that call  o])c .rate ill all tllcsc rcgilllcs  and

has  tllc potential for gellcratillg  tllc lligl]ly  relativistic flows scwll  ill solllc qllas:~l”sz.

IIcrc wc rcl)ort 011 results  of dctaild titll(:-[lc!l~cl]cl(,]lt  Ilull]crical  silll{llatiolls  of this

Illecllallislll  allcl  snow t h a t  tllc cllaractc:r  and s~)ccd  of tllc jets  ]JrodiIc{:cl difk:l.  dl.:I-

lnatically dcpc:ndillg  011 Vvllctllcr  Inagllctic  or gravitational  forces d[)l]lillat{~  ill tll(,

ac.crctioll disk colmlla,  lllis “]llagllctic  switcl]” w a s  not I)rcdictt:d lj$y  st<m<ly-st:ltt,.

s(,lf-silllilar  d i s k  I[lodcls,  :lor Ijy r e l a t i v i s t i c  will{l  tll(:c)l.y (}vliicll  ~(~]i(,l.itlly  igttor(,s

tlio  Rravitatiolial  f ield) . Tll(!  c:fli:ct I)r{)vidt:s  a  ll:~t~lral c!xl)lal]:iti(jll,  a t  tllc IJl:i(k

11(,1(! accrctio]l d i s k  lCVCS1,  for tll{! {:xist(:llcc  o f  tw[) k]~owll (Iass[:s  {,f” (xf l;i~:il:l,:t  i(

ra(lio sollrcc (Fallarc)ff  all(l  R i l e y  class(:s  I all(l  I I )  and for tll(~ v:lri:ltioll  of tll(’ir
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I)lt)l)[:rtios  witll ra(lit)  IIlll)ill(wity.  I t  :IISLJ I)r{)vitl(,s  Il(!w illsigllt  into I)lx)tost(’11:11  :tlt(l

g:llactic lllicroquasar  systcllls.

[;or tlie [)ast several yf’ars ~ve Iiaic IXYII s({ldyitlg Illlrl]frical]y tlir [1OIVS illclu(d ill ( II(’

(’()[’Ollil(’  of magtlctid accrct iotl (Iisks. C)Ilr  silll~ilat  io[]s Iwgill  \vit 11 a sit IIat ion silllilar t t) I II(’

I.mundary  co[l(litiolls of I;lalldford arI(l l)ay  IIC (111)) aIIcl other setlli-allalyt ic st lldic>34  (w Ii:ltrt

1), t~ut arr al)le  to investigate titllc-clel)(’tlclrt]t  arid t~vo-clitl]cllsiotl:~l  effects, IItllil<c  tllc stcaclj’-

Statc, se l f -s i ln i lar  models .  A useful  IJaratlletcr for Incas urit(g tile ir}t[x)rtallce of tllc Illagllctic

fielcl in the  corona is tllc ra t io  v c~f tllc sljecd of Illag[letic  Ivaves  in tflc  gas tlIc  Alfvill \’elocity

(\’’.’, = n/[47rp]l/~, \vllere  l; is  ttie Il]agllctiu f i e l d  strcll~tll at~(l p is tllc gas dcllsity) to tll(

esc-al)e v e l o c i t y  (l’~$c(r)  ~. [2[J’111c/r] l/2, Ivllcrc  i\[c is tllc tIIass  c)f tile crtltr:ii star c)r I)la<.k IIOIP

.,aIId 7 L (1{- -+ ,72)112 i s  ttlc sl)llcrical radi; lt ([mrditiato. III OLIr (w Iof Iac v ~’tiII t.x r:itlicr l;ir:<i,

rallgirlg frolll  0.4 to 2.0 ill tllc sillllllatiotls Jvc ueljort  IIere. ‘1’lIR+ V:tlLl[,> are 11111(’11 liil’$!,(’~  tll:lll

tlIow illvestigatccl l~y otllcrs IVIIO lIave  I>erforlned  silltilar ILu]nerical  sil[illlatiom.7-13

Most of tile coronal flows that result ill our sitnulations are cleciclcclly jet-like, Lut tl~e flow

slwecl at]d  c h a r a c t e r  are s t r o n g  futtctic)ns  of  u. l~igure 2 slio}vs  tivo SUC1l cases, each  \vitll  al)

initial field  I)olar a~lgle cjf O = 5 4 ° , I)ut  \vitll  sfiglltly difiercllt values o f  tl]e  Al fv41i velocity ill

tllc corolla. II) tllc l o w  Ilia,gtletic  field  case (v =- 0 . 4 ) ,  tlte flo)v velocity inside tile jet is c)f ord(r

tlir Al fv6rl sl)eed  -  ~’~,t % 0.6[’2.,,  = 1..5\’,I  ( a s  Ineasurd  a t  1{0 = 7.2r J. llo~vevcr,  i f  tile

.ilfldn v e l o c i t y  itl tile corolla is itlcreascd I)y oltly  :i fartor of tllrcc to u =- 1.2 (fig~]r(’ 21)),  tile

j e t  e n t i r e l y  cllallges c h a r a c t e r  \vitll  a flolv sprccl  IIearly  ’20 tilllcs that fw’al)f’  sl)((cl.  \\ ’(’ Ilill’f,

Ilallled tltesc tlvo Il]odes  o f  flow’ ‘1’ylw 1 aII(l ‘1’ylje 2 jets, rxslx,{.titely, aII(l tilt tratlhitio[l  Ill:tt

mxurs fro~l] 011(, tylw tc) tll( otllcr Ili( “tll:l:ll<~li(’ strit(li”.
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[or il SOlitl’ St.a~, [{I) X zoo]{,.)” = 1 ,1/;, tllrll  l’, ~ ~ X  10’2(’111  :111([  \’~. ~ 80 kill S- 1. ‘! ’11(’  111:1 :[1(’[](’

slritch Lllcll  prdids tw’o  Illodm of oll(flo\v  u’it II ii fcw ({’11s  o f  klil s – ” 1 for V < I illl(l SI’\”(’~  ill

hlllldrd  kms-l f o r  u >  1, Ivllirll  i s  ro(lglily  mtlsistcl]t Ivitll  otJst’r\’;itic>lls.141G 0 1 1  tllr tjtll(r

haltd,  i f  tile s i t e  o f  accelcrat iotl is tIear t  II(’ I)rotostar,  say I{LI  = 21{,:),  .as Illallv au(llols ll:l\ ’c’

suggcstrd,  tlIel  I tt[e  tl~agtleti(.  s\vitc-ll l)redi~ts a 101[ v e l o c i t y  tllodc of a fc[v IIII]ICIMYI lit]] s- 1 al]cl

a [Hurl] Itigllcr  v e l o c i t y  mode \vit II jet vel(]cit  icw of sfwrnl t/~o McIIId  kIII  s–  1. ‘1’lic Iat ter Ila\’t’

n o t  1.x2c1L  observecl,  altl)ougll  a search for  such  extrctnely Iligh  velocity  flolv, Imrticularly ill tllc

body of knolvlL protc]stellar jets, !voulcl tm u s e f u l .  tt”e elllJJllasize  that if a Ilot,  tellllolls  rc)rc)l)a

(\vitll u >  1 )  cloes I]ot fortn Ilcar tllc I)rotosttir,  t h i s  Iligl,  vclcwity  flotv \uill Ilot occllr. allcl tllc

Illag[idic s~vitcll }voulcl  :il\v:iys  t~e “ofl”

Otic  class o f  object ill \vllicll  t~vo  ttlo[lcs o f  j e t  dffiflitcly haLJc Im’tl olh(, r\ecl is t IIC cxl r:i-

gatactic raclio  sources, \vllicll  are  bclievecl  to Ijc forlllecl  I.)y clisk accretioti Onto b l a c k  llolf’sl  G.

SoHle raclio  source jets are rather s low (1~,(  ~ 0.6c)  allcl dissil)atc and radiate  strongly ill tl~e

radio shortly after lcaviog  tile galaxy lluclrus (Fanaroff and Riley class I ol~jwts1718). 011 ttle

o t h e r  hancl,  other raclio  jets are very fast (Iorcntz factor y ~ [1 – 17:’/  c:!]1i2 ~ 10) a[ld  clo

n o t  clissipate or racliate Inuc}l utltii they rcacll large clistances froto tile galaxy and aw stol)lwd

\vllell tile flo~v strikes the itltcrgalactic [I]ccliu[ll ill a strong sliock  (IJ1{ class 11). 1~1{ I jets  are  as-

socia ted }vith low power radio sotlrcm \vllilr lit 11 ~vith hig’11 polver,  ancl tile trallsitiol] froto  lJlt

1 to 11 in radio I)o\ver  is es})ecially  snarl) if c)lie exatllirles  galaxies ill a sifiglf oi)tical Illlllitlmity

19class

Catl our [Io{l-relfit ivi>tic  sitll~llat  in]]+ I,(, i,l,[,li(cl  10 t l], (:xtra:ali,,ti( r:icli,o 5(JI,II, [(se ,Vli(lf

rclativisti(. flolv all(l I)lit(’!i 1101(’  amrf’(iotl  O(-(’(ll’?  ‘1’11(’  ~ifls~vtr  i s  y(,s [or lll:i~ll(ti(  Ii(l(l h[r(,ll:(lls
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III) to tlio  poil)(  ~vl]crc t’j w r allcl, sllrl)risill:ly, f o r  v e r y  Iligll jet sl)wds (~ > >  1), l{t~l;lti!istif.

. .
Cflrx. ts lllli)Ort  ant IIerc are till IIlcrrasc 111 II]:(ss of t Ile g;is cl~lc to klllct{c  i~l~<l lllag,ll(~t 1{’ (~ll(r,+i(s

(Ivllicli  lilllit i t s  velocity to less t],:,],  c al,(l il]{rtasf i t s  Ivcigltt ill III(  t)la Cli Ilc)le’s Sr:l\il;tlit}ll;ll

field)  atld all e l e c t r i c force  I)crjwnclicu]ar to tflc  Inag, [let ic f i e l d  Ii]lcs t h a t  afl_c<ls LJIII} 1 Ileir

allgkm. ‘1’he v e l o c i t y  terll]s it] t h e  r e l a t i v i s t i c  atId  noll-rc]ativistic ffoiv (’(l\  lilt iOll.5 art \(Tr,I

sit]~ilar21, inlrolvillg  (nlg~,  + Ht,,, <,g)u i n s t e a d  of )ll[,a, u, Ivllere  u = -l/. .At every Imilit  ill tlIP

ffc)w w e  can rel)lace o  w i t h  ~u and, as long  as t h e  m a s s  of ttlc Illagnctic field  )It,r,,,g  ~ 77/g,l,

(/e., 1~., < c), our lio[l-relativistic silllulatiolls call  calculate v to tvithin a factor of tkvo 0[ so of

tlw actual Lorcntz  f a c t o r .  l’ic]d  al~gle efl’ccts \vill a l s o  be }Yitllill a fidctor  of tlvo  or Icss ill t]lc

tallgcllt as long  as \~C,c g c; as wc nave itll’cstigatd a rallgc of a factor of 60 ill the tallgelit  , atld

okervc the ~nagnetic skvitcll througllc)ut, only tllc details of tllc solutio]ls \vill Im affected Ijy

the electric force, not our overall conclmiolls, l~inally,  tlIc  wfighf of t}lc kit]ctic ancl Ina:l]ctic

cl]crgics Ivill a f f e c t  olIly  tllc c r i t i c a l  value of tile ]na:nctic field ll~~j~ ~ (47rp)1i2\Je.,.  at ~vllicll

tllc I[lagtletic sfvitrll takes I)lacc. ‘1’IIc coliditioii  \vill s t i l l  t.w v == 1 ,  t~llt !VC IIO;V ttiust  II+ [II(,

relativistic value of ll~$c ~ 70[Y(I -t t ~/C2)CI’MC/7]1’2  ( f o r  a  Sch\varzscllild t~lacli IIOIC \vII(I~

W i s  tl~e j e t  flow sPc~~  Wllilc still afl’ect~cl b tfN7 Mack  hole’s  g r a v i t y )  f~’llile -W is I)rol)m})ly

of order unity, general relat.  ivist, ic A[tll) sitl]ulations \vill t)c ncccwsary  to collfir[])  this.

,$wcial r e l a t i v i s t i c  ca]culatiol)s of  [)lasIlla  flolv itl rotati[lg [Ilagtlctic fields  Ila  L’f’ I)crtl [)cr-

for[ned cxtetlsivc]y by lIIa IIy autl]ors ill tl]r colltcx( of [)ulsar aIId jet IIILXI(IS,  ‘1’IIc tlIariII-t(I

iil]d S[)tTcl o f  t,fl(? flO\V is ?1 fll[](’tioll  o f  t  Ilf’ ]]];i~ti(’tizatio[l  l)<ira[[]et~r  ~ = t’;: .~[J/(~~  ]{;, (’ t i[]),

Ill  f’i\h  Lll’(s(l  at (11P [)lacc  wllcrc tll(’ oLlt[l O\V ori,gi[)atcs. (llcrc f([, = c/’d i s  tlic ri,<li[]s (lf tl]c

Iigl]t cylitldcr, ..10 ttlc d isk  surface  area over ~vllicll  olItllo\v  tafics l)lacc, an<l  t’~(j i s  tllc it],i((.tiot]
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llo~rcvcr,  tfiis rclatioll was  drrivfcl urldrr t i l e  assuln{)tio[l  tl)at the gravitatiolial fo[(.e i s  IIeg-

Iigible.  Current  re la t iv is t ic  wirld  tllrory, t h e r e f o r e ,  i s  Iiot valid ill the region  of lmratnetcr

sI)ace  \vllere  the magnetic switch occurs, Il]deed, Jve caIl  dcfi IIe a critical value of tllr nlag[le-

‘1’he rnaglletic switch occurs ill velocity oilly,  not in total jet po~vcr.  \Vhile tile jet velocity

differs dramatically as tile strcnlgtfl of the field is itlcreasd through the critiral value, Jve find

that  the total jet power var ies  smoothly  ~vith tile square of the magnetic  ficlcl, as ])redictcd

by Illaudford ancl l’ayIle I;ec w lJ: R: (CIlfC/R0)1i2.  F o r  v <  1 ,  Inost of  tile po~ycr is ill tllc

advcctecl magnetic field,  while for v > 1 tllc jet carries a significant arnou[lt of kinetic rm~vcr.

}Ioth types of power arc available for acceleratitlg particles atld producing syllchmtroll radio

ctnission.

‘1’IIC It]agne[ic s w i t c h  Ijrovidm a Ililt{lr:il  Cx[)lanatioli  f o r  tllc existetlm of  tllr l;li I ;LII(I II

c lasses  of  radio  source ,  ~vitll tllc fortllrr Iwillg  l)rodllcrd  I)y accrel ion disks tvit II u < I aII(l t Itc

Iattfr f o r  v >  1. I’rcdi(td j e t  slxwls ag,l<e \vit II ol~wriatic~lls  ill racl, (asr (  \ :,,1 ~ ().[j( r,.

-7- 10 o r  Ili:lltr). Itl ad(litioll, tll( e f f e c t  rxl)lailts trlly 111(, ttvo cl:(sses  arf asso(i;(td \villl  I(JJV

(j



ill I)reImr:itioli).

lkause tllc tncxlcl  states t h a t  j e t s  ill SOUKCS IYitll l;l{  I tllorl)l]olc]gy  a r e  fortllrd in tilt rtu-

clcm with sul~- or t,ra[ls-  r~~latil, ist. ic t,clor itics, it l)rcclirt.s  tl]at, statistically, Jrery  I,otls IIaselille

Itlterfero[netry ol)servations of }>1{  1 sources tvill sllo}v [jril[larily  Io\v jet velocities (I’; tt < [).6,),

\vl]ile F’R 11s sl]ould Ilave II]ucl I faster Vl,lll jets. A corollary is that the I)arent oljjects c)f nlost

111, IJac sources ,  lvllicll  llavc  ~ = 2--5, c:iIIrIot  have 171{ I 71/oIpho/ogy.

Pin ally, bimoclal jet ejection has also Lec[l observed  in the galactic Ioicroquasars  [; 1{0

Z4 hlarrtlct,i~  ~}vitcllillg  cat]  a]so  explaitl  SUCII  b e h a v i o r ,  but a detailedJ1655-40a~Icl  Cygl~tls  X-3  ~

(Icterllliriatioll o f  tllc I)olollletric  ILltlliliosit,y o f  t,llcse sollrccw is II CCC ICCI ill OUCICI  to (Ictf,rll]illc

ivlletllcr ttle lriggeritlg tliwl~atlislli  (all be a  s~ll)(~r-l;clclitlg(~]ll accretioli f’\ell[25  o r  II I(IS[ I)f ;I

slllj-ljclclillgtotl evc]lt SUCII as a (Iyg II(is  ,1-1  lo\v/lligli s t a t e  tratlsit.  ion.
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FIGURE 1

Sclletl]atic  rel)resentatioll  o f  tllc initial atIcl Imll[lclary cotl(litiotls  f o r  our awrctio,] disk forol{a

sillllllatiolls. .4 clctlsc  a c c r e t i o n  d i s k  (dark IIlilteria[) orl~its  a Co[illmct  ol>jcct (star or I}lack

Ilolf’) ~Jf ll~ass !~~c ~11~1 sral~ radl~ls r<) ~~111(’il  IS ~l+o Qllr 111111  of dl+taltt.c ati(l  olIr III(~XII +I);ltily.

(fVe t a k e  rc = 2 X 10’ ZCI,l  a[ld  (;lllC/c2  f o r  t  tic ,,ro(ostar a,,d I,lack  1,01( C;,NS, resl(t ilfl~,

s o  tile raclius  at w}lich tlluc}l of tllc a c c e l e r a t i o n  t a k e s  ~jlace [l{{) = 7.2?’,.] is -- 1 .1P and - :J.tj

Schtvarzscllilcl  radi i .  See text for  [[lore  discussiotl.  ) O~)cll nlagnetic field  lil~cs, lllakil~g  al]

atlglc O w i t h  t h e  r o t a t i o n  axis, lJrotr[ldc froln tile disk and thro~]gh  a lI]ucII less  dcIIse  atld

[nore  extelldd cororla Ivllosc  tcrtll)eraturc  i s  hotter tllarl t}le clis!i but, St i l l  coldrr tllatl tile

(viria]) t e m p e r a t u r e  o f  a halo that ~mr),leates  the rest of the systeln, ‘1’he corolla] dellsit} i s

asslllncd  to be ten (10) tithes tllc asyln I)totic IIalo  density; tile disk density is InaI]y  orders of

tnagnitude  larger thatl t h a t cssetltially infinite in our silnulatiolls, ‘1’llc corona  is rel)lcnishccl

continually from below }vitll a witld  of tile salne nlateria] at a velocity of only 5CX)  of the escape

speecl  a t  tha t  poin t  in the clisk (\ZeSc = [2 GAfC/R]lfz). “llIc  souncl  speecl  in t h i s  Ivitld is OIIIY

0.9%  of the local escape s p e e d truly cold  d isk  mater ia l but, bccailw of shock heating.

(Ilc triild v e l o c i t y  i s  Inore rc~)rfx,lltativc o f  tllc evetltllal  cwrolial  sourlcl sl)wd. ..1( [Ilt’ir Imsc

t i l e  f i e l d  lir]es a r e  pc,loiclal  only (f]@ = 0) and are al]cl~ored  ill tt~e dei~x disk, rotatili: }vitl~

t}le local Kel)lerian  angular  ve loc i ty  (flf< = [C; ~lfC/f{:l]– l/z) but IIavi[lg  110 aI)I)rrcial~le  ra(tial

tnotiotl.  ‘1’llis assuttll)tion is valid for tiftle scales snor t  [..oltll)arcd  \vitll  tl[c  acc’retioll  drifl tilllc

(W 5 Inollt]ls f o r  a  IOSAI,;, AGN  I)lack IIole, N 1 second for a 10 ,\f,.  (Jal:ittic l~la(k liolr, a[](l

- ~ ,IIcJ,\t}Is for a 1 /\/,:, ~)rotc~star) ;III(I IV IICII  IIIC I]]agftf.tic  f i e l d  is 110[  stro[i~  tlloll~ll 10 clisrlt[~t

(II{ disk itwlf (t’~ii”k < <  \ ~~t.). !+ta[i(lard  a(,(rctioll  d i s k  II]odcls like tl~e C-Iil(Xl115 IIiit Ilr[llly



II; III ;i lc,\v TlllVf:tI  ~tlc),”ity. Ilou’,1’(’r,  if:l I[jiv-fl(llsily  f,)r[)flii  also (xis{s, ~:.1 II I,*I, (;III  IN 111111.11

IIigllrr f o r  tile saf,lt Itl:igtlctic field Iitle I)y tltr r a t i o  (f~,{,$k/f~C,,,O,l,, )Ilz. A large ]Illlilixr o f

ac’t’ret 1o11 dls!is,  tllcrefore, ctill 1)0ss(,ss fairly Lclligl]  Illag[lftic fielcls that arc still stml]g CIIOII:l I

to apprcciat,ly afTect tllc dyllarllicx o f  tl)eir coronae (l’~’’’’””” ~ l~,c). O u r  sitllulatiolls a r c

allowed to evolve froth these itlit  ial  CIJlldltl  011 S, using  our axisy[tl[nctrir  ltl:lgl  lf’tollycl rcjcl~ll:illli(

(Ll[l l)) silnulat ion cocle l)llO\\’G. ‘1’llc sitlilllatioll rcgioli  is  I,ou]lded  at  Z Z= O by tile i[lfillitcly

thin disk and inflow  region for  5 rc ~ 1{ < f { l)lflr arid  reflecti~c coll~litiotls  for O  < 1{ < 5 )*C: I)Y

tl]c r o t a t i o n  a x i s  at 1/ =. O; a[lcl by opcll  (“outflolv”’)  boultdaries at }{ = I{,,lar  and Z = Z,), (,Y.

FIC:URE  2

logar i thmic  gray-scale  p lo ts  of  Illaglletic ljrcssurc (llz/8T) for ttro 11111) diSli (urc)lla ai[ll(ll:l-

tiolus t h a t  cliffer in only  onc  rcsImt: tllc clisk corc][tal  Illag[lctic fielcl strength ill 1) is a fac[or c,f

tllrec (3) larger tllatl t h a t  ill a. ‘1’llc clisk ill figure  1 lies  along t}le lef t  (Z = O )  axis. llotll Ilavc

a fielcl polar augle of 54°, ancl Ive sllolv  t~ot. h }vlle)l tlie jet reaches the Inaxilnunl extcllt of tile

mesh. ‘1’lle simulatio~l ill panel a Ilas  a ratio of Alfvdli  to escape velocity of v = O.-1 tllrougllou!

the  clisk corona  ancl is sho~vn after w 8.6 disk rotat ioll tinlcs (as Ineasurccl at 1{ = 1{(1).  Itvell

though  tllc sinlulatio)l bcgitls Ivitll  gravitational forces doll]  inatirlg, tllc azitnutllal cotll[)otlcnt

o f  ttlc Inagtletic field iilcrcascs irl strcllgtll c lue  to  clifferelltial rotatic)rl, r e c o i l s  ul]lvar(l  a]icl i s

aljle tc) eject a slow jet lvitll  a slmd c)f O.(;\’~,C (}{0). ‘1’llis is :,1s0 a,,~,roxi]nateiy  (II,, ,)I0,)2i~iil  ion

S[)(YXI  Of  tll(’ .](’t Ilead  tllrougll  tll~ C.xtcrnal  [lldl  Ulll,  1[1[11(’atlll[+  t h a t  tllf~ jet  is  f;i]rlj’  ll(~>(\,~.  ‘1’[)p

Silllllliitioll  ill  [)allcl  }1 Ilas u == 1.2 itll(l  i s  clis[~l;~yed a t  -  1.5  mtatic)t]  tit[l(x.  ‘1’llis,l(t  i s  l)r(j(llI(.(Ll

Ijy l[ltigllt~to-  (.(~lltuifllg;tl  a(x.(lcrat  ion) ratll(r tllatl  tll;l,g,ll([i~  r{(.(}il, I)(lt  sl ill II;IS ;I hi~tlili(;iiil

1:1



ftiougll  azill][ltllal  fhld f o r  twlli(llatioll. Its i[ltcrll:tl SIJPVCI  is 1!1 \’- ,,,C(l{D) ov{r  :W lil,,es faster

Illal)  tllc j e t  ill a a[ld  = 20 tilncs fastcu  ttlall ljrol~agatiot)  o f  tile jet lleacl,  illdic:itill~  tllar this

jet is very  Iigllt (f~,,,t <<  fJIL,,tO).

F I G U R E  3

Jet spcccl  as a function of coronal rnaglictic field strcilgtll and angle for both stellar acc-rctioll

clis!is ( l o w e r  and left  axes) allcl black IIole disks (up~mr atid r i g h t  axes). ‘1’lIc  s t e l l a r  interljr<’-

tatioll o f  o u r  Illlllti-sill](tlatioll rfxlllts  slIow3 lje~/\~C m magnetic f i e l d  strfll~tll  ill terltls  o f

I’jt (Ro)/1’~,  where 1’:. is tlie I;cpler  v e l o c i t y  a t  7’, ([GJlfC/rC]’12).  \Vc alho  sllo!v sil,,ulatio,, rf-

sults frolli  references [12] and [13]. \\’llile diflering  froth ours ill some res[)ccts,  most IIotably  ill

Ilavil]g  significant gas l~rmsure  allcl Ilomzcro IJ~o (both of which ~~e have found tend to increase

tllc jet velocity), their results still agree roughly lvitll  ours in tlie u < 1 region. ‘1’hc clifferent

c u r v e s  sliow  f a m i l i e s  w i t h  t h e  sa[nc  l)olar n]agllctic fielcl angle 0: b 8°; ❑  24°; O 3S
0; A

5 4 ° ;  + 6 8 ° ;  ●  8 3 ° .  F o r  stiiall al~glcs,  tile speed slid IJoJfcr  of  the  je t  ditnillislim at thr

cxlwme of a loosely- or un-collilllated Illaglletic Jviltd ematlatillg  frolll  a lac~e  part of [I]r  di>k

ou(siclr ttle jet-p roductiotl regiotl.  ‘1’his tvitld a l s o  disI)lays tile Illagllctic sfvitt.11 rllict.

‘1’lle b lack  hole  in terpre ta t ion  sllolvs  tile product of tile jet velocity slid I,orctltz factor

(?j.~fljct : UCt/[c2 ‘- Vj~,]l/z) u s .  tllc I[lagtletizatiol]  paratneter  a t  }{0 =: i.2G.\fJc2 (~lsil]g

f) Z Ql{,  l’~o n 0.05\’~sc, \’1.  =  c ,  a(id  all itljectiotl  r~gioll  o f  ~T’ w Zl{()):  o = ~’~ ~~~,./(L”i  I;(I) ‘“

I 1(1’j/\’j)2. \\rc a l so  p lo t  tile Jvcll-ktlo!v[l  rcslllt frolll  rclativisti(’ ivitld  tlicory2223  (-, J),, ( = 0“

f o r  71 = 2/3 and )) = 1, Ivllicli is vali<l O n l y  f o r  a > (7~~i~  &

(~lw our sitn(llatio]ls agree wittl  relativistic ~rirld tllcory

11



If’llilc -y~ could be as high  as ~j~~, it is Illc)st likf:ly of o r d e r  unity  (sltlootll amxlerat ioi] over a

few RO in distallcc).
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